Abstract: This study was aimed to determine the seroprevalence of foot and mouth disease (FMD) in cattle and identifying the potential risk factors associated with the disease among sedentary cattle in northern part of Plateau state, Nigeria. Two hundred and seventy cattle aged from 6 months to ≥3 years old were randomly selected and identified and whole blood collected from the jugular vein using plain evacuated tubes. Whole blood was processed and separated and sera were screened for foot and mouth disease virus (FMDV) 3D nonstructural proteins using blocking enzyme linked immunosorbent assay (ELISA). Overall, 55.9% (95%CI: 49.96-61.77) FMD seroprevalence was obtained from the study area. Seroprevalence was highest in Riyom (82.5%), followed by Barkin Ladi (66.2%), Jos South (55.5%) and Bassa (41.2%) (x 2 = 17.21, P<0.05). Risk factors for age, management system and location were significant associated (P<0.05) with seroprevalence of FMD. However, there was no significant association with sex (P>0.05). The prevalence odd ratio of FMD was more in Riyom than in Jos South, Barkin Ladi and Bassa (P<0.05). Prevalence odd ratio of FMD was more in extensively managed system relative to intensively managed system, more in adult cattle aged >2 years old. This study has indicated that FMD is an important disease among sedentary cattle in Northern Plateau, however little is currently known about the economic impact of the disease on the local farmers and their livelihoods. As a control measure, efforts should be improved on animal movement during outbreaks while prophylactic control using vaccination should be considered as another option using vaccines containing virus representative of the region.
Introduction
Foot and Mouth Disease (FMD) is an important Transboundary animal disease (TAD) of economic importance to the livestock industry caused by a virus of the genus Aphthovirus, family Picornaviridae. There are seven distinct serotypes of the virus namely: A, O, C, SAT-1, SAT-2 SAT-3 and Asia 1. Infection with one serotype has been demonstrated not confer immune protection against another. Within serotypes, many subtypes have been be identified by biochemical and immunological tests (OIE, 2009 ). The disease is characterized by high fever, loss of appetite, salivation and vesicular eruptions on the feet, mouth and teats of lactating cows (Thomson, 1994) . Morbidity is usually high in infected herds with rare mortality among adult animals. Myocarditis may occur in young animals resulting in death. Recovered animals remain in poor physical condition over a long period of time leading to economic losses for the livestock industries (Sangare, 2002) .
FMD is endemic in most parts of sub-Saharan Africa, with the exception of few countries in southern Africa, where the disease has been controlled by the separation of infected wildlife reservoirs from susceptible livestock using physical barriers in combination with prophylactic mass vaccination campaigns and other zoosanitary measures. Largely due to the endemicity of the disease, and its associated low mortality among adult animals, disease outbreaks are often not perceived as important among pastoralists, thus in most cases outbreaks go unreported. However, a number of developing countries have realised that FMD is one of the trans-boundary diseases that should be controlled to ensure economic stability and access to lucrative international export markets for livestock and livestock products (Sahle, 2004) . FMD was first officially reported in Nigeria in 1924 as sporadic outbreaks, with serotype O as the cause of the outbreak (Libeau, 1960) . Subsequently, other serotypes (A, SAT 1 and SAT 2) were later identified to cause outbreaks in livestock across the country (FAO, 2010a; FAO, 2010b , Ehizibolo et al., 2014 Fasina et al., 2013 , FAO, 2014a , FAO, 2014b , FAO, 2014c . Each of these serotypes was associated with trade cattle entering Nigeria from neighbouring countries which share land borders with Nigeria. As in most developing countries, the national disease reporting system has been plagued with some weakness in Nigeria; as such there is poor documentation of outbreak cases (Abegunde et al., 1988) . However, FMD may continue to gain more national recognition and importance as the Nigerian livestock husbandry systems becomes more intensive and the traditional pastoral Fulani herds begin to settle in response to increased demand for animal protein and food security. It will be necessary to develop efficient control strategies for FMD and other important livestock diseases in Nigeria (Abegunde et al., 1988) . Although FMD is often reported seasonally by pastoralists within the study area, little information exists about the prevalence and serotypes that circulates within this study area. Therefore, the objective of this study was to determine the seroprevalence of FMD in this study location and also identify the associated risk factors for foot and mouth disease transmission among cattle herds.
Materials and Methods

Study area
This study was performed in northern Plateau, a region comprising of six Local Government Areas (Jos-North, Jos-South, Jos-East, Bassa, Barkin Ladi and Riyom, 09° 52N and 80° 54E North Central Nigeria), where FMD is perceived to be endemic. Plateau State has a near temperate climate with an average temperature of between 18°C and 22°C. Harmattan winds cause the coldest weather between December and February. The warmest temperatures usually occur in the dry season months of March and April. The mean annual rainfall varies from 131.75 cm in the southern part to 146 cm on the Plateau. The highest rainfall is recorded during the wet season months of July and August.
Study population and sampling technique
Cattle were selected from northern parts of Plateau, from a list of four local government areas namely; Jos South, Riyom, Barkin Ladi and Bassa during August -September 2010. The four local government areas were selected from the existing six local government areas of the state based on geographical location, proximity to livestock market, and availability of cattle population. From each location, cattle were randomly selected from the various unvaccinated herd, to be included in the study. About 270 cattle were included in the study. The sample size was calculated to estimate the herd level seroprevalence of 12.08% with absolute error at the 95% confidence interval. The calculated sample size was 153 cattle, but this was increased to 270 to account for inadequate sampling and poor sample qualities.
Where: n = required sample size P exp = expected prevalence 12.08% Z 2 = confidence interval at 95% = 1.96 d = desired absolute precision 5% (Thrusfield, 1995) 
Study design
A cross-sectional seroprevalence survey was conducted and information from the cattle owners and risk factors such as age, sex, location, and management system were collected. About 5ml of whole blood from apparently healthy cattle were collected from the jugular vein of 270 randomly selected cattle from different unvaccinated herds using plain evacuated tubes (Becton, Dickinson and Company, USA). The samples were transported to the National Veterinary Research Institute in Vom centrifuged at 1450 x g for 10 minutes for serum separation and were stored at -20°C until use. Sera were tested for antibodies to FMD 3D-non-structural proteins using a solid phase ELISA assay.
Serological analysis
The sera were screened using the FMDV 3D-ELISA kit (PrioCHECKS® Prionics Lelystad Netherland) (Sorensen et al., 1998) . Test sera and the negative, week positive and strong positive reference sera were added to 96-well microtiter plates, pre-coated with 3D-antigen. Overnight (16 hours) incubation at 37°C was observed. Plates were washed 6 times with washing buffer. Peroxidase conjugate of anti-ruminant antibody was added to the plate and incubated for 1 hour. This was washed and tetramethyl benzidine (TMB) substrate was added. This reaction for color development was kept at room temperature for 15 min. The reaction was stopped with 1M Sulphuric acid. Optical density of test samples were read at 450 nm on a MultiSkan spectrophotometer (Thermo Scientific, USA) and results were expressed as index derived by dividing the absorbance value of test serum by cut-off control value, according to manufacturer's instruction. Samples with Percentage Inhibition (PI) ≥50% were classified positive and samples with percentage inhibition PI<50% were considered negative respectively.
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Data analysis
Animals were divided into three age categories: <1 year, 1-2 years and >2 years of age. The Chi square test was used for univariate analysis. This test was used to assess the association between being seropositive for FMD and different locations, age groups, sex and management system. The confidence level of test was set at 95% and P<0.05 was considered significant. Basic statistics was analysed using Medcalc statistical software Version 11.5.0 for biomedical research.
Results
Overall seroprevalence of 55.9% (95%CI: 49.96-61.77) was obtained for FMD among cattle in the study area (Table 1) . Considering the different local government areas that were sampled, and number of samples collected (Riyom (n=40), Bassa (n=51), Barkin Ladi (n=15) and Jos South (n=164), the highest prevalence recorded in Riyom 82.5% (33/40) was statistically significantly different (x 2 = 17.21, P<0.05) from the prevalence in Barkin Ladi 66.7% (10/15), Bassa 41.2 (21/51) and Jos South, 55% (87/162) ( Table 1) . A higher seroprevalence of 58.2% (95%CI: 51.07-65.08) was observed in females than in males 50.62% (95%CI: 39.80-61.39) ( Table 2) . However, the difference in prevalence of FMD between the two sex groups was found to be statistically insignificant (x 2 = 0.56, P >0.05). Age specific seroprevalence revealed higher prevalence in adult (>2 years) of 81% (95%CI: 72.43-87.80), than in cattle aged 1-2 years 41.67% (95%CI: 33.09-50.64) and in calves <1 year old 40% (95%CI: 27.17-53.96). The difference in prevalence among the different age groups was found to be statistically significant (P<0.05) ( Table 3 ). Based on cattle management systems, seroprevalence was highest in extensive management system 63.59% (56.85-69.95) than intensive husbandry system. The difference was statistically significant ( =19.8, P<0.05) ( Table 4) .
Prevalence odd Ratio (POD)
The Prevalence Odd ratio of FMD in Riyom LGA 4.17(95%CI: 1.64-11.02) was higher than in Barkin Ladi 1.77% (95%CI: 0.53-6.26) and Bassa 0.62% (95%CI: 0.31-1.23) which was statistically significant (P<0.05, Table 1 ). The Prevalence Odd ratio was higher in females 1.39% (95%CI: 0.8-2.42) than in Males. However, the difference was not statistically significance. (P = 0.212, Table 2 ).
In relation to age categories of sampled cattle, the Prevalence Odd ratio age group was higher in cattle aged >2 years 6.39%(95%CI: 2.82-14.66), than in cattle aged 1-2 years, 1.83% (95%CI: 0.86-3.92) and calves <1 year old. The difference in cattle aged >2 years was found to be statistically significance (P<0.05, Table 3) The relative risk of FMD in extensive management system was higher 3.89% (95%CI: 2.05-7.43) than in intensive system of management and it was found to be statistically significance (Table 4) . 
Discussion
FMD is an endemic livestock disease in Nigeria. It is evident from the study result that FMD is widely distributed among the cattle herds within the study area. Since the sampled animals had no history of previous vaccination against FMD, this prevalence could have only resulted from field infection with FMDV. The prevalence estimates ranged between 41.2% and 82.5% indicating extensive FMD transmission in all the study area. Uncontrolled animal movement within this region could be the main cause of this rapid spread among susceptible herds. These results are in agreement with the previous findings in this region (Abegunde et al., 1988) who reported a seroprevalence of 33.66% among pastoralist herds. However, in a similar study in Plateau a seroprevalence of 29% was also reported in cattle which signify that FMD is an important disease in this region (Ehizibolo et al., 2014) . At location levels, a higher seroprevalence was observed in Riyom (82.5%) than the other locations with Bassa (41.2%) having the least. This variation may be due to the fact that Riyom is a cattle route and a location where most pastoralists settle their herds during critical periods of the years for pasture and water. In contrast, Bassa is situated within a communal area where contacts with other herds have been observed to be minimal. Sex distribution indicated higher seropositivity among female cows, which is consistent with previous studies (Olabode et al., 2013) . However, no significant difference (P>0.05) was observed in seroprevalence of FMD between female and male cattle in this study. This finding was consistent with the previous findings elsewhere, where sex appeared not to have a significant association with the seroprevalence of FMD in cattle (Rufael et al., 2006; Geleye et al., 2009; Esayas et al., 2009; Megersa et al., 2009 ). However, significant difference was observed between three age categories (X 2 = 40.55, P<0.05). The relative high positivity observed in adult cattle might be due to high frequency of exposure to risk factors as reported previously (Rufael et al., 2008; Megersa et al., 2009 Molla et al., 2010 . However, this is contrary to a study in which other authors reported that cattle aged 6 months to 2 years are prone for infection with FMDV (Ishola et al., 2011; Olabode et al., 2013) They might have acquired the infection from multiple circulating virus serotypes and could have produced antibodies against all serotypes of FMDV. The relative low seroprevalence in younger animals might be due to low frequency of exposure to risk factors as well as the fact that most farmers keep their calves around the household during grazing with less contact with other herds (Mohamoud et al., 2011) . Furthermore, significant difference in seroprevalence was recorded in different management system (X 2 = 19.81, P<0.05). It was found to be higher in extensively managed system 74% than intensively managed system 44%. This variation may be due to the fact that extensively managed cattle have to travel long distance in search of good pasture and surface water (Rufael, 2006) leading to high contacts with other cattle and wildlife reservoirs of different origin, which is a predominant factor for transmission of disease. This finding is in agreement with a previous study conducted in Ethiopia where production system was the major risk factor for FMD seropositivity (Megersa et al., 2009) . The study further revealed that the prevalence odd ratio of contacting FMD is higher in Riyom than in other location in the study area. Although, the Prevalence odd ratio is higher in females than in males, however, it is of no statistical importance. The Prevalence odd ratio of contacting FMD is higher in Adult than in young animals. It was revealed that the Prevalence odd ratio of FMD infection is higher in extensive managed than intensively manage cattle.
Conclusions
The study has proven the endemicity of foot and mouth disease within northern Plateau and the highly contagious nature of the disease among pastoralist herds; we therefore, recommend strict control of animal movement along with application of strict zoosanitary measures and vaccination using vaccines containing antigens representative of the locally circulating virus serotypes.
